We compared the perioperative profiles of patients undergoing unilateral phaeochromocytoma resection performed by open adrenalectomy with those performed by laparoscopic adrenalectomy.
Laparoscopic adrenalectomy for phaeochromocytoma has now been performed for over ten years 1 . Compared with traditional open surgery, there is reported to be less intraoperative tumour manipulation and blood loss, but surgical time is greater and conversion from laparoscopic to open surgery is occasionally required 2, 3, 4 . Postoperatively, investigators have observed less pain, a lower rate of respiratory complications, reduced hospital stay, a better cosmetic result and a more rapid return to normal activities [2] [3] [4] .
The preoperative preparation of patients with phaeochromocytoma is considered important in modifying intraoperative haemodynamic responses and reducing mortality from surgical resection 5 . Pharmacological preparation with the non-competitive α-blocker, phenoxybenzamine, is commonly practised, although selective α 1 -antagonists, calcium channel antagonists, labetalol, α-methyl-ρ-tyrosine and others have been used 6, 7 .
Are the haemodynamic changes observed during laparoscopic adrenalectomy for phaeochromocytoma different from those during open resection? Upper abdominal laparoscopic surgery such as laparoscopic cholecystectomy is, of itself, associated with an increase in mean arterial pressure 8 . In patients with phaeochromocytoma, creation of the pneumoperitoneum is associated with significant release of catecholamines 9 , and there have been occasional reports of associated hypertensive crises 10, 11 . During laparoscopic resection, the pneumoperitoneum exposes the tumour to constant pressure, in contrast to open resection where tumour handling and pressure are intermittent. It would be reasonable, therefore, to expect a different profile of intraoperative catecholamine release between the two techniques. If one technique was shown to be associated with more haemodynamic instability, then this should be considered when comparing the relative advantages of each approach.
This report compares the perioperative haemodynamic, anaesthetic and surgical outcome profiles in patients having either open or laparoscopic adrenalectomy for resection of phaeochromocytoma.
METHODS
Information was collected prospectively from patients in our institution undergoing adrenalectomy for phaeochromocytoma from 1988 to 2002. Approval from the hospital's Research Ethics Committee was obtained; informed consent was not required because only data collection was involved.
All patients were admitted to hospital seven to ten days prior to the planned date of surgery and pharmacological preparation with phenoxybenzamine commenced. This period permitted three to five alterations of the dose to achieve stabilization. Patients were considered to be adequately prepared if hypertension was controlled, postural hypotension was present, and an increased blood volume was evidenced by a small weight gain and a fall in haemoglobin. An increased intake of oral fluids was encouraged for maintenance and restoration of blood volume. A β-adrenergic antagonist, usually atenolol, was commenced during treatment with phenoxybenzamine if the heart rate rose above 90 beats per minute. Otherwise, all patients were administered β-blockers for the immediate 24 hours before surgery.
Phenoxybenzamine was discontinued 12 hours before surgery.
Patients were premedicated and prepared for surgery with large-bore intravenous access, intraarterial blood pressure monitoring and either central venous or pulmonary artery catheterization. General anaesthesia was used in all cases and some patients in both the open and laparoscopic groups had a thoracic epidural catheter inserted.
Intra-operative cardiovascular events were managed in a standardized manner. Systolic blood pressure in excess of 180 mmHg was treated with sodium nitroprusside by infusion commencing at 0.5 µg/kg/min and titrating to effect with a total dose limit of 0.5 mg/kg. Systolic blood pressure below 100 mmHg was treated by reducing the concentration of the inhalational anaesthetic agent, blood volume support and titrated doses of metaraminol. Heart rate in excess of 90 beats per minute was treated with atenolol in 1 mg increments until at least 5 mg and, if this was ineffective, esmolol 50 mg boluses were administered. Intraoperatively, all patients received isotonic saline crystalloid solutions at maintenance rates and to replace estimated third space losses. Blood loss was measured and replaced with colloid if the haemoglobin was greater than 80-100 g/l, and with homologous blood if the haemoglobin levels were lower. Persistent hypotension post resection was managed by noradrenaline infusion.
All patients' haemodynamic data were recorded continuously. Early in the study this was by a paper recorder running at 25 mm/min for trend information and 25 mm/s when detail was required. In 1998 a digital recording system was adopted (PowerLab®, ADInstruments, Castle Hill, N.S.W., Australia), which provided high resolution analysis of both the trend and the beat-to-beat variation. All relevant preand postoperative information was recorded on a specifically designed data sheet, and all intraoperative data was detailed on the anaesthetic chart. The patient's postoperative recovery was assessed regularly until discharge from hospital. Infections were diagnosed by a combination of fever, positive bacteriological culture and/or chest X-ray signs, and a requirement for antibiotics.
The results from patients undergoing open adrenalectomy were compared with those undergoing laparoscopic adrenalectomy. Analysis of each patient's results was made according to the grouping by the initial surgical approach. Intraoperative haemodynamic instability was assessed by the total duration of use of nitroprusside and the requirement for atenolol pre-resection, and by the use of metaraminol boluses and/or noradrenaline infusion post-resection. Data was analysed using StatView 4® (Abacus Concepts, Berkeley, CA, U.S.A.). Continuous variables were compared using the unpaired Student's t-test or the Mann-Whitney U test, and categorical variables by Fisher's Exact test. Nonparametric confidence intervals were calculated using Confidence Interval Analysis ® (BMJ Books, London, U.K.). Results are presented as mean ± standard deviation, median (range) and counts. A P value of <0.05 was taken as significant.
RESULTS
In the defined period, 24 resections were performed, 12 patients in the open adrenalectomy group (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and 12 patients in the laparoscopic group (1998) (1999) (2000) (2001) (2002) . Six different surgeons performed the open procedures, whereas one surgeon (SWB) performed 11 of the 12 laparoscopic operations. All anaesthetics were given by the authors (MJD 21, DPM 3). There was one patient whose laparoscopic procedure was converted to open because of persistent bleeding.
Relevant demographic and clinical data are shown in Table 1 .
There were no significant differences between the groups. All patients were prepared as inpatients using phenoxybenzamine and had β-blockers added after signs of α-blockade developed. The dose of phenoxybenzamine that patients were stabilized on was similar in both groups (laparoscopic 119±60 mg/day, open 100±25 mg/day). In the open adrenalectomy group, atenolol (95±28 mg/day) was used in ten patients and propranolol (40±28 mg/day) in two patients. In the laparoscopic group, atenolol (89± 22 mg/day) was given in nine patients, propranolol (70±14 mg/day) in two, and one patient received metoprolol (100 mg/day). Resting blood pressure was controlled in all patients and a postural fall in blood pressure was achieved in all patients except for two in the laparoscopic group. All patients in the laparoscopic group had a preoperative echocardiogram (10 normal, 2 left ventricular dysfunction); echocardiography was performed in six patients of the open group (4 normal, 2 left ventricular dysfunction).
A summary of the type of anaesthetic and monitoring used, and aspects of the conduct of surgery and its outcome are summarized in Table 2 . Induction of general anaesthesia was most commonly achieved with midazolam and propofol, and most patients received isoflurane for maintenance. Muscle relaxation with cisatracurium was usual in the laparoscopic group (10/12) and vecuronium in the open group (9/12). In the patients receiving thoracic epidural anaesthesia, 2% lignocaine with adrenaline 5 µg/ml was used during surgery, and epidural analgesia was continued for two to three days postoperatively with a combination of either low concentration bupivacaine or ropivacaine with fentanyl. The use of epidural anaesthesia was significantly higher in the open group. Blood loss was less in the laparoscopic group but the difference did not achieve significance (P=0.057). There was no difference in the intraoperative fluid requirements between the two groups or the number of patients receiving blood transfusions. Operating time was significantly longer in the laparoscopic group (laparoscopic 236±78 mins, open 147±47 min, P<0.01). Table 3 compares the interventions required to treat haemodynamic and heart rate values outside the predetermined acceptable levels during surgery and the immediate postoperative period. Sodium nitroprusside was used more frequently in the laparoscopic group, and the duration of its use was longer both in absolute terms and as a proportion of the total surgical time, but these differences were not significant. Similarly, there was more frequent and greater use of atenolol and esmolol in the laparoscopic group, but the differences was not statistically significant. Two patients from the laparoscopic group developed tachycardias that were resistant to treatment with β-blockers. In one, adenosine was used *Adrenaline >100 nmol/24h; **Noradrenaline >550 nmol/24h. There were no statistically significant differences between the groups. unsuccessfully, after which a carefully titrated dose of neostigmine was successful (Figure 1) . The second patient also responded to neostigmine. The onset of these cardiovascular events occurred at an advanced stage of tumour dissection.
Postoperatively all patients were admitted to the Intensive Care Unit for approximately 24 hours. Five patients in the laparoscopic group and three in the open group required a short duration noradrenaline infusion to manage hypotension. Postoperative hospital stay was significantly shorter in the laparoscopic group (laparoscopic 5±2 days, open 11±4 days, P<0.01). One patient in the laparoscopic group and six in the open group developed chest infections postoperatively (P=0.069 Fisher's Exact test). There were no in-hospital deaths in either group. Pathology examination confirmed the diagnosis of phaeochromocytoma in all patients.
DISCUSSION
Phaeochromocytoma is a rare condition. The low frequency with which cases present makes it difficult for any unit to perform a conventional randomized clinical study over a finite time period. Our study, conducted over 14 years, involved a standardized method of preoperative patient preparation, the prospective collection of data, and adherence to a protocol for haemodynamic intervention. Recognised limitations, similarly encountered by previous studies in this area, include non-randomization, low patient numbers, and the changes in anaesthesia and surgical techniques that occur with time. The limitations of the study's design and conduct mean that caution should be exercised when generalising our results to the practices of other institutions.
We were unable to demonstrate a statistical difference in the intraoperative haemodynamic profiles between patients undergoing phaeochromocytoma resection via laparoscopic adrenalectomy compared with those undergoing open adrenalectomy. Clinically, it was our impression that instability was more common with the laparoscopic approach. The median duration of sodium nitroprusside use in the laparoscopic group was greater, approaching statistical significance (laparoscopic 55 mins, open 15 min, P=0.057). The 95% Confidence Interval for the difference in median values is from just less than zero (not significant) to 80 minutes. This wide range reflects the difficulty in collecting enough cases to achieve an adequately powered study. The difference in infusion duration was even less apparent when considered as a proportion of the duration of surgery (laparoscopic 29%, open adrenalectomy 12%, P=0.14) because of the influence of the different surgical times for laparoscopic and open approaches. Similar results were achieved when analysing β-blocker use for the management of intraoperative tachycardia. Although not achieving statistical significance, more patients in the laparoscopic group received β-blockers, more received high doses of atenolol (>5 mg), and more received esmolol for refractory tachycardia. In our experience, hypertension was readily managed and usually responded to modest infusion rates of nitroprusside. This may have reflected the efficacy of the non-competitive α-adrenergic antagonist, phenoxybenzamine, in obtunding the hypertensive action of intraoperative catecholamine surges. On the other hand, we encountered greater difficulty in the management of intraoperative tachycardia. In two cases, extreme tachycardia unresponsive to both atenolol and esmolol was successfully managed by utilising the cholinergic effect of neostigmine (Figure 1 ). Neostigmine is conventionally administered with a muscarinic antagonist to prevent undesirable cholinergic effects such as bradycardia or bronchospasm; this would not be a consideration in the presence of extreme levels of circulating catecholamines. Because neostigmine's half-life of 90 minutes is significantly longer than that of endogenous catecholamines (less than five minutes), a rebound cholinergic effect could theoretically be possible following tumour removal.
Epidural catheters, when placed, were used for both balanced intraoperative anaesthesia and for postoperative analgesia. Whereas their role in open surgery, especially for postoperative analgesia after large abdominal incisions, is well established, their use here in the laparoscopic group requires explanation. At the time when the technique of laparoscopic phaeochromocytoma resection was being introduced into clinical practice, we were uncertain as to the likelihood of conversion to open surgery, and epidural catheters were inserted into some of the early laparoscopic patients. It soon became apparent that laparoscopic surgery was a reliable technique, and that epidural catheters, placed in expectation, were unnecessary. Epidural catheters were inserted more frequently in the open group, introducing a confounding variable into the influence of the two surgical approaches upon intraoperative haemodynamics. The intraoperative use of epidurals was not intended as an antihypertensive technique. By blocking preganglionic sympathetic fibres to the adrenal medulla, epidural conduction blockade would be expected to obtund any exaggerated catecholamine release resulting from sympatho-adrenal neuronal conduction. However, catecholamine release resulting from direct pressure on the adrenal gland should remain unaffected.
During laparoscopic adrenalectomy, catecholamine levels increase with creation of the pneumoperitoneum, peak with manipulation of the tumour, and return to baseline after tumour resection 9 . Laparoscopic surgery exposes the adrenal gland to constant pressure from the pneumoperitoneum, and surgical retraction and dissection take place without physically handling the adrenal gland. During open adrenalectomy, there is no background pressure and surgical handling is intermittent. On this basis, it might be expected that laparoscopic adrenalectomy would be associated with persistent intraoperative hypertension and tachycardia, and that open adrenalectomy would present a more stable baseline, with brisk episodic haemodynamic responses coincident with tumour manipulation.
Despite these considerations, most studies have been unable to show important clinical differences in the degree of haemodynamic instability between open and laparoscopic approaches. Möbius 4 studied 18 patients (9 open, 9 laparoscopic) who were prepared with phenoxybenzamine in similar doses to those we report, and found no difference. Inabnet 12 reported 22 patients (11 open, 11 laparoscopic) who were prepared with nicardipine, a calcium channel blocker, and had labetalol added selectively for tachycardia. Mean arterial, central venous and pulmonary artery blood pressures were higher in the laparoscopic group prior to tumour excision. All the laparoscopic and 73% of the open cases developed intraoperative hypertension (blood pressure >200/ 90 mmHg). Sprung 10 reported 34 patients (20 open, 14 laparoscopic), also finding no significant differences between the two groups. Patients were prepared with a variety of agents, most commonly calcium channel antagonists. A patient in that study, who was to have a laparoscopic procedure, developed severe hypertension (320/220 mmHg) and tachycardia (140 bpm) with the attempted creation of the pneumoperitoneum, which was then abandoned. An open procedure was subsequently performed without problem. Tauzin-Fin 11 also reported a patient with phaeochromocytoma who developed severe hypertension and pulmonary oedema following peritoneal insufflation. Subsequent open surgical adrenalectomy was carried out uneventfully. These anecdotal cases suggest that conversion to open surgery should be considered if the haemodynamic changes with the laparoscopic approach are extreme.
Our report concurs with other studies, which have found a shorter postoperative stay with the laparoscopic approach 2-4 . This is an important clinical result. However, preoperative in-hospital preparation with phenoxybenzamine remains long (9±4 days) but is consistent with a recent review 7 . Preparation as an outpatient has been described 13 and is performed on a selected basis in certain centres with no increase in complications 14 . Outpatient preparation allows the patient to prepare in a comfortable and familiar environment with minimal disruption to normal lifestyle. The combination of outpatient preparation with laparoscopic resection could dramatically reduce the cost per treatment of each patient.
In conclusion, the low incidence of phaeochromocytoma and the changing clinical practices with time complicate efforts to study the condition and to generalise results between institutions. Laparoscopic adrenalectomy for phaeochromocytoma resection has become the preferred surgical approach. Laparoscopic procedures take longer but are associated with a shorter postoperative hospital stay than open resection. Although we observed more haemodynamic instability with the laparoscopic approach, there was no statistically significant difference demonstrated between the two groups. Anecdotal cases suggest that, in cases of extreme haemodynamic instability, open resection may be advisable.
